The discovery of conductivity in polyethylene oxide f PEO )-salt
Introduction
The discovery of conductivity in polyethylene oxide f PEO )-salt complexes has led to an extensive interest to researchers. However, the main disadvantage of using high molecular weight PEO is the high crystallinity , which reduces the ionic conductivity. Attempts to increase ionic conductivity by lowering the molecular weight or the glass transitionimake the mechanical properties inferior. Therefore, it is very important to find a polymer which has both high ionic conductivity and good mechanical properties. In fact, recent studies have focused attention on the use of polyethylene oxide-containing block copolymers , comb polymers , crosslinked polymers , polymer blends and interpenetrating polymer networks [ I ] to replace the high molecular weight PEO, so as to obtain the suitable properties of chemistry and physics. In addition the ionic conductivity mainly takes place in the amorphous phase121, so the study of relation between ionic conductivity and free-volume and the properties of free volume are very interesting.
In this paper, the structural transition of crosslinking PEO has been studied by positron annihilation parameters versus temperature.
EXPERIMENT
The network structure of PEO (the molecular weight is 1540 ) was prepared by slight crosslinking with trimethylol propane (TMP) after mixing of PEO and tolylene diisooyanate(TD1) .A 40 pCi "~a positron source was placed between two discs of the same samples. Positron
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993439 lifetime measurements were performed using a fast-fast coincidenu ssrs$em which has a time resolution of 2 4 5 frs from the prompt curve of a O ' C O source. A million counts were collected for each spectrum in about 60 minutes.
RESULTS and DISCUSSION
All lifetime spectra measured have been well resolved into three lifetime components using the computer program 131 after source correction .The variations of positron annihilation parameters versus temperature (120-345Kf are shown in figures 1-4,-
1.Free-volume properties
As shown in figure 1 and 2, the changes of the longest component tj and I$ demonstrate a significant temperature dependence. The glass transition temperature Tg and PEO chains melt temperature (excluding temperature T, are determined to be 2 4 0 K and 305 K respectively , as shown in figure 1, which are consistent with differential scanning calorimetry IDSC) 1 4 1 and also be observed in other polymers [ 5 ] . Between Tg and T,, the size and concentration of free volume increase steeply. It can be explained as follows, when the temperature increases the long chain segments and molecules all participate in motion owing to thermal activation ii.e., the micro-Brownian motion increase, which leads to increase of I3
. At the same time, the higher the temperature, the easier the free volume thermal expansion, which results (n the drastic increase of rj. After reaching the T,, r 3 and Ij increase slowly. Because the rubbery turnsinto a real-liquid state, so that the polymer molecules have a relaxation comparable with o-Ps lifetime and a Ps bubble can be formed by Ps, lead to the variation of I3 and r3 not to crucially depend on the expansion of free volume 15-61. The secondary relaxation at 130 K has also been observed besides Tg and T, . This is a local non-equilibrium structural relaxation ,
i.e.,time effect [ 6 1 , because the annealing time of the specimen from room temperature to 120K before measurement is not long enough for PEO to reach its equilibrium state . Perhaps , it results from crankshaft motion and interior rotation of methyl in benzene ring. Between 150 and 240 H, the size of free volume does not change nearly , but the concentration of free volume holes increases, which indicates that the increase of the local changes motion with increase of temperature mainly gives rise to free volume holes increase. As far as we know, it has not been reported about secondary relaxation.
2.Microstructural changes in crystalline regions
The microstructural changes in crystalline regions is more complex than in amorphous areas. It is clear that crystalline polymers are by no means perfect from a structural viewpoint. The defects which have been found to exist or postulated are as follows : point defects , dislocations and other defects ... 171. The mechanism of relaxation behavior of semi-crystalline polymers is not very clear . The relaxation behavior of polyethylene has probably been more widely studied than that any other semi-crystalline polymers, even though it is not completely understood so far [ 7 ] . So the relaxation behavior of crystalline regions is much complex. As far as we know, there are not reports about the relaxation behavior of PEO .
According to Authors of 18-101 , we think that the positron annihilation chiefly takes place in crystalline regions , so the positron annihilation parameters r2 and Ie give direct information to the relaxation of crystalline regions . 
